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TITLE OF THE INVENTION 
MAGNETIC GUIDING APPARATUS 
BACKGROUND OF THE INVENTION 
Field of the Invention 

[000 1] The present invention relates to a magnetic guiding apparatus for 
exposure apparatus utilized in manufacturing devices, such as semiconductor 
devices, liquid-crystal display devices, and the like, and inspection apparatus, 
or the like, in which a stage mounting an original plate, such as a mask, a 
reticle, or the like, or a substrate to be exposed or inspected, such as a 
semiconductor wafer, a glass substrate, or the like, is moved by a magnetic 
guide. 

Description of the Related Art 

[0002] An exposure apparatus utilized in a process for manufacturing 
devices, such as semiconductor devices, liquid-crystal display devices, or the 
like, has stage apparatus for moving a substrate to be exposed, for example, 
an original plate, such as a mask, a reticle, or the like, or a substrate to be 
exposed, such as a semiconductor wafer, a glass substrate, or the like. 
[0003] Such a stage apparatus is disclosed, for example, in Japanese 
Patent Publication No. 3145355. In this stage device, a Y stage is guided by a 
yaw guide and is mounted on a stage surface plate. An air pad is provided 
between the Y stage, and the stage surface plate and the yaw guide. 
[0004] An X slider is provided so as to surround a Y slider connected to 
the Y stage. An air pad is provided between a side of the Y slider and a side of 



the X slider. An air pad is also provided between the X slider and the stage 
surface plate. According to such a structure, since the Y slider is slidable in 
the y direction and the X slider is slidable with respect to the Y slider in the x 
direction, the X slider is slidable both in the x and y directions. 
[0005] A magnetic guiding apparatus using an electromagnet is disclosed, 
for example, in Japanese Patent Application Laid-Open (Kokai) No. 
04-245406 (1992). A method for removing remanence is disclosed, for example, 
in Japanese Patent Application Laid-Open (Kokai) No. 09-068221 (1997), 
which discloses AC demagnetization in which demagnetization is performed 
by causing an AC current to flow in an electromagnet and gradually reducing 
the magnitude of the current from a maximum current to zero. 
[0006] In the stage described in Japanese Patent Publication No. 3145355, 
transmission of a force by an air pad is only about 1 kgf/cm 2 as a value 
converted into pressure. Accordingly, it is estimated that when, for example, 
a force to be transmitted to the X slider increases by adding a fine-movement 
stage, the value of the force exceeds the capability of force transmission by 
the air pad. 

[0007] If the air pad is replaced by a rolling guide, the problems of a short 
life and dust arise, particularly, in an apparatus in which long-time 
continuous operation and a high-degree of cleanness are required, such as in 
an exposure apparatus. 

[0008] In order to solve the above-described problems, an approach of 
utilizing a magnetic guide using an electromagnet disclosed in Japanese 
Patent Application Laid-Open (Kokai) No. 04-245406 (1992) instead of the air 
pad disclosed in Japanese Patent Publication No. 3145355 may be adopted. 
This configuration can improve the force transmission capability. 



Furthermore, since silicon steel having little magnetic hysteresis can be used 
as the material for the electromagnet and the target, the electromagnet and 
the target are hardly magnetized under ordinary control conditions. 
[0009] However, in runaway of the electromagnet caused by an 

unintended accident, an excessive magnetic flux may pass through the target, 
resulting in an increase of remanence. The runaway of the electromagnet 
indicates a case in which a desired servo is not applied to the stage. This 
happens, for example, when a current driver fails, or when a large current 
passes through a driving coil for the electromagnet caused by a software bug, 
or the like. The generated remanence operates as a disturbance for an 
X-slider control system, resulting in degradation in the accuracy of 
subsequent positioning. 

[0010] A method for solving the problem of remanence is disclosed, for 
example, in Japanese Patent Application Laid-Open (Kokai) No. 09-068221 
(1997). However, in a stage apparatus, since the positional relationship 
between the electromagnet and the target is movable, the position of a 
magnetic flux at the target is unknown, thereby causing a problem in 
efficiency if demagnetization is performed over the entire region of the target. 

SUMMARY OF THE INVENTION 

[00 11] The present invention has been made in consideration of the 
above-described problems. 

[0012] It is an object of the present invention to perform efficient 
demagnetization in a magnetic guiding apparatus for guiding a moving 
member by attracting a target to an electromagnet provided at the moving 



member, by detecting the position of a magnetic flux at the target. 
[0013] According to one aspect of the present invention, a magnetic 
guiding apparatus for guiding a moving member by attracting a target to an 
electromagnet provided at the moving member includes a magnetic-flux 
detection unit movable along the target, for detecting a magnetic flux of the 
target, a position measuring unit for measuring a position of the 
magnetic-flux detection unit, and a control unit for detecting a position of the 
magnetic flux at the target from position information obtained by the position 
measuring unit and magnetic-flux information obtained from the 
magnetic-flux detection unit, and for performing demagnetization at the 
position of the magnetic flux. 

[0014] According to another aspect of the present invention, a stage 
apparatus includes the above -described magnetic guiding apparatus. 
[0015] According to still another aspect of the present invention, an 
exposure apparatus positions at least one of a substrate and an original by 
the above-described stage apparatus. 

[0016] According to yet another aspect of the present invention, a device 
manufacturing method includes a step of manufacturing devices by the 
above -de scribed exposure apparatus. 

[0017] According to yet a further aspect of the present invention, a 
magnetic guiding apparatus for guiding a moving member by attracting a 
target to an electromagnet provided at the moving member includes a 
magnetic-flux detection unit provided at the moving member, for detecting a 
magnetic flux of the target, a position measuring unit for measuring a 
position of the moving member, and a control unit for detecting a position of 
the magnetic flux at the target from position information obtained by the 
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position measuring unit and magnetic-flux information obtained from the 
magnetic-flux detection unit, and for performing demagnetization by moving 
the electromagnet to the position of the magnetic flux by the moving member 
and providing the electromagnet with a current signal from the control unit. 
[0018] The foregoing and other objects, advantages and features of the 
present invention will become more apparent from the following detailed 
description of the preferred embodiments taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a diagram illustrating the configuration of a stage using a 
magnetic guide according to the present invention; 

[0020] FIG. 2 is a diagram illustrating the configuration of a magnetic 

guide according to a first embodiment of the present invention; 

[0021] FIG. 3 is a graph illustrating a demagnetizing current; 

[0022] FIG. 4 is a diagram illustrating a magnetic-flux detection system 

using a Hall element; 

[0023] FIG. 5 is a diagram illustrating a magnetic-flux detection system 
using a search coil; 

[0024] FIG. 6 is a diagram illustrating a magnetic-flux detection system 
using a search coil and an integrator; 

[0025] FIG. 7 is a flowchart illustrating a demagnetizing process in the 
magnetic guide of the first embodiment; 

[0026] FIG. 8 is a block diagram illustrating a control system of the first 
embodiment; 



[0027] FIG. 9 is a diagram illustrating positions of magnetic-flux 

detection systems according to the first embodiment; 

[0028] FIG. 10 is a graph illustrating a detected magnetic flux; 

[0029] FIG. 11 is a diagram illustrating a second embodiment of the 

present invention; 

[0030] FIG. 12 is a diagram illustrating an exposure apparatus according 
to a third embodiment of the present invention; and 

[0031] FIG. 13 is a diagram illustrating the flow of a manufacturing 
process for the exposure apparatus shown in FIG. 12. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

(First Embodiment) 

[0032] FIG. 1 illustrates a stage apparatus mounting a magnetic guiding 
apparatus according to the present invention. A Y stage la and a Y slider lb 
fixed thereto are supported on a surface plate 2 by a hydrostatic guide (not 
shown). The Y stage la is supported by a hydrostatic guide 11 with respect to 
a yaw guide 3 so as to be movable in the Y direction. An X slider 4, serving as 
a moving member, is provided so as to surround the Y slider lb, and the 
weight of the X slider 4 is supported on the surface plate 2 by a hydrostatic 
guide (not shown) provided at the base of the X slider 4. 

[0033] Y- linear- motor rotors 5a and 5b, each made of a permanent magnet 
(not shown), are provided at the left and the right (respective end portions in 
the X direction) of the Y slider lb, and Y- linear-motor stators 6a and 6b, each 
made of a multiphase coil (not shown), are provided at the left and the right 
(respective end portions in the X direction) of the surface plate 2, respectively. 



By causing an appropriate current to flow in the coil, a thrust can be 
generated for a Y linear motor. Similarly, an X-linear-motor rotor (not shown) 
and an X-linear-motor stator are provided at the X slider 4 and the Y slider 
lb, respectively, so that a thrust can be generated for the X slider 4 with 
respect to the Y slider lb in the X direction. 

[0034] A Y-stage interferometer mirror 7 is provided at the Y stage la, 
and the Y-direction position of the Y slider lb is measured by a laser 
interferometer 8, serving as position measuring unit. Similarly, bar-shaped 
Y-interferometer mirror 9 and X-interferometer mirror 10 are provided at the 
X slider 4. The X-direction position and the Y-direction position of the X slider 
4 are measured by an X laser interferometer 12 and a Y laser interferometer 
13, respectively. 

[0035] The Y laser interferometer 13 has two laser beams, and the 
displacement of the X slider in a co z direction (a direction of rotation around 
the z axis) is measured from measured values by the two beams and a span 
between the two beams in the X direction. 

[0036] FIG. 2 illustrates the configuration of a magnetic guide for the X 
slider 4. Electromagnets 21a, 21b, 21c and 21d are provided at the X slider 4. 
A driving coil is mounted around an E core obtained by laminating E-shaped 
steel plates at each of the electromagnets 21a, 21b, 21c and 21d. By causing 
an appropriate current to flow in each of the driving coils, a thrust in the Y 
direction and in the co z direction can be generated for the X slider 4. 
[0037] Each pair of the electromagnets 21a and 21c, and the 

electromagnets 21b and 21d are provided so as to face each other across the Y 
slider lb having targets 22 at both sides. The electromagnets 21a and 21b are 
arranged at one side of the Y slider lb with a predetermined distance D in the 



X direction, and the electromagnets 21c and 2 Id are arranged at another side 
of the Y slider lb with the same distance D. 

[0038] The electromagnets 21a and 21b operate on the target 22 provided 
at one side of the Y slider lb, and the electromagnets 21c and 21d operate on 
the target 22 provided at another side of the Y slider lb, to move the X slider 
4 in the X direction along the Y slider lb, and allow displacement of the X 
slider 4 in the co z direction. For example, silicon steel having little magnetic 
hysteresis may be used as the material for the targets and the 
electromagnets. 

[0039] According to the above-described configuration, the X slider 4 can 
be subjected to positioning control in the X direction, the Y direction and the 
co z direction by a control system 14, based on position information obtained 
from the position measuring unit. 

[0040] When control for the X slider 4 normally operates, remanence is 
not generated in the electromagnets 21a — 2 Id and the targets 22. However, if 
the X slider 4 runs away, a large magnetic flux is generated in the 
electromagnets 21a — 21d and the targets 22, thereby sometimes causing 
magnetization. Furthermore, in the case of runaway, the laser interferometer 
is often broken due to speed error, or the like, and the position at which the X 
slider 4 has run away cannot be known. A mechanism for identifying and 
demagnetizing a magnetized portion will now be described. 
[0041] In FIG. 2, magnetic-flux detection units 23a - 23d are provided at 
the X slider 4 at respective portions outside of the electromagnets 21a - 21d 
in the X direction, respectively. The distance between the magnetic-flux 
detection units and the electromagnets will be described later. 
[0042] FIG. 4 is a diagram illustrating a magnetic-flux detection system 
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in which a Hall element 25 is used as the magnetic-flux detection units. The 
magnetic flux of the target 22 is detected by the Hall element 25 mounted on 
a mount 24, and a detection signal from the Hall element 25 is output after 
being amplified by an amplifier 26. 

[0043] FIG. 5 is a diagram illustrating a magnetic-flux detection system 
in which a search coil 28 is used as the magnetic-flux detection units. In the 
magnetic-flux detection system shown in FIG. 5, time variation, i.e., 
differential, of a magnetic flux is detected as a detection value. 
[0044] FIG. 6 illustrates a system in which a search coil 28 is used as in 
the case of FIG. 5, and sensitivity is improved by integrating the voltage of 
the search coil 28 by an integrator 29. When the voltage of the search coil 28 
is integrated with respect to time by the integrator 29, a magnetic-flux 
component is obtained as an output. The magnetic-flux detection units is not 
limited to the Hall element or the search coil described above. Any other 
appropriate device, such as a magnetoresistance element or the like, may also 
be used. 

[0045] FIG. 7 is a flowchart illustrating identification of a magnetized 
portion, and a demagnetization method. First, a position servo is provided for 
the X slider 4 and the Y slider lb according to an ordinary operation (step 
S101). Then, the X slider 4 is moved to an end of a stroke range movable in 
the X direction (hereinafter termed a "negative-side limit") (step S102). In 
this step, a state in which a magnetic flux can be detected is provided by 
turning on the magnetic-flux detection unit 23. Then, the X slider 4 is moved 
to another end of the movable stroke range opposite to the end in step S101 
(hereinafter termed a "positive -side limit", step S103). 

[0046] Identification of a magnetized position in step S104 will now be 
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described. Values measured by the magnetic-flux detection unit 23 during 
movement in step S103 are stored in a storage unit 32 (see FIG. 8) together 
with position information of the X slider 4 in the X direction measured by 
position measuring unit 30. The position measuring unit 30 corresponds to 
the laser interferometer 12. 

[0047] By plotting magnetic-flux detection values measured by the 
magnetic-flux detection unit 23 provided, for example, at a portion near the 
electromagnet 21 with respect to the position information of the X slider 4 in 
the X direction, a graph shown in FIG. 10 is obtained. In FIG. 10, 
magnetic-flux detection values measured by the magnetic-flux detection 
means 23 have a peak value at a stage-position coordinate Xc that is 
measurement information from the laser interferometer 12. This indicates 
that this portion of the target 22 is magnetized. The position coordinate Xc is 
a value obtained when the magnetic-flux detection units 23 is positioned at 
the magnetized position of the target 22. 

[0048] When the magnetized position is identified in step S104, the X 
slider 4 is moved to that position by a driving unit 31 (step S105). Although 
the driving unit 31 includes an X linear motor (not shown) and Y linear 
motors 5 and 6, an X linear motor is assumed in this case. As shown in FIG. 9, 
offsets XI, X2, X3 and X4 are present between the electromagnets 21a - 21d 
and the magnetic-flux detection units 23a — 23d, respectively. When 
performing demagnetization, in the case of the electromagnet 21a, the 
position of the stage is moved to a position of Xc — XI, so that the 
electromagnet 21a faces the magnetized position. Similarly, in the cases of 
the electromagnets 21c, 21b, and 21d, the position of the stage is moved to 
positions of Xc - X3, Xc + X2, and Xc + X4, respectively. 
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[0049] When performing demagnetization, since the efficiency is higher 
as the gap between the electromagnet 21 and the target 22 is smaller, the X 
slider 4 is moved so as to minimize the gap, and servo for the X slider 4 is 
stopped (step S106). This is because, when a large current is caused to flow in 
order to perform demagnetization and a large attractive force is thereby 
generated between the electromagnet 21 and the target 22, this force cannot 
be suppressed by servo, and therefore servo must be interrupted. When the 
servo is interrupted, the X slider 4 must be fixed by interrupting air supply to 
the hydrostatic guide at the base of the X slider 4 in order to maintain the 
position. 

[0050] Demagnetization is performed by causing an AC current shown in 
FIG. 3 to flow in a driving coil (not shown) of the electromagnet 21 by a 
coil-current control unit 33 (see FIG. 8) (step S107). Although in the 
demagnetizing current shown in FIG. 3, the amplitude of the current is 
linearly decreased, the amplitude of the current may also be exponentially 
decreased. A higher frequency may also be used. In short, any current that 
can remove remanence by gradually decreasing the curve of hysteresis may 
be used. Upon completion of demagnetization, ordinary servo positioning for 
the X slider 4 is performed in order to return to an ordinary operation (step 
S108). 

[0051] The present invention is not limited to the flowchart shown in FIG. 
7. For example, although in the first embodiment, demagnetization is 
performed by moving the X slider 4 to the magnetized position after 
identifying the position of the magnetic flux, i.e., the magnetized position, in 
the entire region of the target by moving the X slider 4 from the negative 
limit to the positive limit, demagnetization may also be performed by 
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detecting the position of the magnetic flux and then immediately moving 
demagnetizing means to the detected position of the magnetic flux. 
[0052] Although in the stage configuration of the first embodiment, in 
order to control two axes in total, i.e., one axis for parallel movement and one 
axis for rotation, in an electromagnetic actuator (not shown, consisting of the 
electromagnet 21 and the target 22), two facing pairs of electromagnets are 
required, one pair of electromagnets may suffice when controlling only one 
axis for parallel movement by an electromagnetic actuator. 
[0053] Although in the first embodiment, four magnetic-flux detection 
units in total are provided at outer sides of respective electromagnets in the Y 
direction, at least one magnetic-flux detection unit may suffice for one target 
provided that a magnetic flux can be detected within a range of capability of 
magnetization. Furthermore, magnetic-flux detection means may be provided 
at a moving member separately from the X slider 4, provided that a magnetic 
flux can be detected in a state of being movable along the guiding direction of 
the target. 

[0054] Although in the first embodiment, the position of a moving 
member is measured, and the position of magnetic-flux detection unit is 
measured based on a known offset value using the measured value, a 
mechanism that can directly measure the position of magnetic-flux detection 
unit may also be used. Means for measuring the position of a moving member 
has a function substantially equivalent to the function of position measuring 
means of magnetic-flux detection units. 
(Second Embodiment) 

[0055] FIG. 11 illustrates a second embodiment of the present invention. 
The configuration of the stage and the electromagnet is entirely the same as 



-13 



in the configuration shown in FIG. 1. Ordinary servo positioning is performed 
for the X slider 4 and the Y slider lb, and the X slider 4 is moved to the 
negative -side limit. 

[0056] The servo system including the four electromagnets is replaced by 
a configuration using three electromagnets 21a — 21c. Servo positioning in 
the Y direction and the co z direction can be performed if three 
electromagnets are present, although the efficiency is inferior to the 
configuration using four electromagnets, and an extra force is required. 
However, since movement in the Y direction is not performed in a series of 
demagnetizing operations, no problem arises. 

[0057] At that time, since the electromagnet 21d is not used, the 
electromagnet 21d itself can be used as magnetic-flux detection unit. That is, 
the driving coil of the electromagnet 2 Id can be used as a search coil shown in 
FIG. 5. A search coil separate from the driving coil may be provided in the 
electromagnet 2 Id, and the same configuration as the magnetic-flux 
detection units in the first embodiment may be adopted. 

[0058] In this state, the X slider 4 is driven to the positive-side limit, and 
a magnetic-flux detection value obtained by the electromagnet 21d is stored 
together with position information relating to the X slider 4. At that time, the 
search coil of the electromagnet 21d is influenced by the magnetic flux of the 
electromagnet 21c. However, since this component is very small compared 
with influence of magnetization, no problem arises. The position of a portion 
of the target magnetized by the electromagnet 21d can be detected based on 
the above-described information. 

[0059] Thereafter, demagnetization may be performed in the 

above-described manner. One of the electromagnets 21a — 21c may also be 
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used as magnetic-flux detection means by being removed from the position 
servo system. In this case, although the number of operations increases, it is 
unnecessary to newly provide magnetic-flux detection unit 23 above the X 
slider 4. This is advantageous for reducing the size and the weight of the 
apparatus. 

[0060] When at least five electromagnets are used, also, the same effects 
may be obtained if an electromagnet that is not used for the servo positioning 
system is used as magnetic-flux detection means 23. 

[0061] In the first embodiment, by using the same magnet for 

magnetic-flux detection means and demagnetizing means, demagnetization 
can be performed without moving when the position of a magnetic flux is 
detected. In this case, position information is utilized for maintaining an 
electromagnet used for detection of a magnetic flux and demagnetization at 
the same position. 
(Third Embodiment) 

[0062] FIG. 12 illustrates an exposure apparatus for manufacturing 
semiconductor devices in which a stage apparatus mounting a magnetic 
guide according to the present invention is used as a wafer stage. 
[0063] This exposure apparatus is utilized for manufacturing 

semiconductor devices, such as semiconductor integrated circuits, or the like, 
and devices having fine patterns formed thereon, such as micromachines, 
thin-film magnetic heads, or the like. In the exposure apparatus, a desired 
pattern is formed on a substrate by projecting exposing light (a generic term 
for visible light, ultraviolet light, EUV light, X-rays, an electron beam, a 
charged particle beam, and the like), serving as exposing energy, from a light 
source 61 onto a semiconductor wafer W, serving as a substrate, via a reticle 
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R, serving as an original plate, through a projection lens (a generic term for a 
dioptric lens, a reflecting lens, a reflecting dioptric lens system, a 
charged-particle lens, and the like) 62, serving as a projection system. 
[0064] The wafer W, serving as a substrate, is held on a chuck mounted on 
a moving stage 4, and a pattern on the reticle R, serving as an original plate, 
is subjected to reduction transfer onto each region on the wafer W using the 
light source 61 and the projection optical system 62 according to a 
step-and-repeat approach or a step-and-scan approach. 

[0065] Next, a description will be provided of a semiconductor-device 
manufacturing process utilizing this exposure apparatus. FIG. 13 is a 
flowchart illustrating the overall semiconductor- device manufacturing 
process. 

[0066] In step 1 (circuit design), circuit design of semiconductor devices is 
performed. In step 2 (mask manufacture), masks are manufactured based on 
the designed circuit pattern. 

[0067] In step 3 (wafer manufacture), wafers are manufactured using a 
material, such as silicon, or the like. Step 4 (wafer process) is called 
pre-process, in which actual circuits are formed on the wafers by means of 
lithography by the exposure apparatus using the above-described masks and 
wafers. The next step 5 (assembly) is called a post-process, which 
manufactures semiconductor chips using the wafers processed in step 4, and 
includes an assembling process (dicing and bonding), a packaging process 
(chip encapsulation), and the like. In step 6 inspection, operation confirming 
tests, durability tests, and the like for the semiconductor devices 
manufactured in step 5 are performed. The manufacture of the 
semiconductor devices is completed after passing through these processes, 
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and the manufactured devices are shipped in step 7. 

[0068] The above-described wafer process of step 4 has the following steps, 
i.e., an oxidation step in which the surface of the wafer is oxidized, a CVD 
(chemical vapor deposition) step in which an insulating film is formed on the 
surface of the wafer, an electrode forming step in which electrodes are formed 
on the surface of the wafer by vacuum deposition, an ion implantation step in 
which ions are implanted into the wafer, a resist process step in which a 
photosensitive material is coated on the wafer, an exposure step in which the 
circuit pattern is transferred onto the wafer after the resist process step 
using the exposure apparatus, a developing step in which the wafer exposed 
in the exposing step is developed, an etching step in which portions other 
than the resist image developed in the developing step is etched off, and a 
resist separation step in which the resist that becomes unnecessary after the 
completion of the etching is removed. By repeating these steps, a final circuit 
pattern made of multiple patterns is formed on the wafer. 

[0069] According to the present invention, in a magnetic guiding 

apparatus for guiding a moving member by attracting a target by an 
electromagnet provided in the moving member, it is possible to perform 
efficient demagnetization by detecting the position of a magnetic flux in the 
target. 

[0070] By identifying a magnetized position in the target by moving 
magnetic-flux detection means in the entire movable region on the target 
while detecting a magnetic flux by the magnetic-flux detection unit and 
storing position information and magnetic-flux information of the target, the 
position of a magnetic flux, i.e., the magnetized position, in the entire region 
of the target can be exactly identified. 
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[0071] By mounting the magnetic-flux detection means on the moving 
member, it is unnecessary to separately provide a mechanism for moving the 
magnetic-flux detection means. Hence, this approach is advantageous from 
the viewpoint of the cost and the space. 

[0072] By moving the electromagnet to the position of the magnetic flux 
by the moving member and performing demagnetization by providing the 
electromagnet with a current signal by control means, the electromagnet can 
be used both for demagnetization and guiding. Accordingly, it is unnecessary 
to separately provide a mechanism for demagnetization, and this approach is 
advantageous from the viewpoint of the cost and the space. 
[0073] In a magnetic guiding apparatus for guiding a moving member by 
attracting a target to an electromagnet provided at the moving member, by 
providing magnetic-flux detection means movable along the target, for 
detecting a magnetic flux of the target, position measuring means for 
measuring a position of the magnetic-flux detection means, and control 
means for detecting a position of the magnetic flux of the target from position 
information obtained by the position measuring means and magnetic-flux 
information obtained from the magnetic-flux detection units, and for 
performing demagnetization at the position of the magnetic flux, it is 
unnecessary to separately provide a mechanism for measuring the position of 
the magnetic-flux detection units and a mechanism for detecting the position 
of the electromagnet, and the position measuring units for the moving 
member can be utilized. Hence, this configuration is advantageous from the 
viewpoint of the cost and the space. 

[0074] By further providing a servo positioning system for positioning the 
moving member and fixing the position of the moving member by stopping 
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the servo positioning system during the demagnetization, it is possible to 
perform demagnetization by stabilizing a position to be demagnetized using 
the electromagnet. 

[0075] By using at least one of the electromagnets as the magnetic-flux 
detection unit, it is unnecessary to newly provide a magnetic-flux detector. 
Hence, this approach is advantageous for reducing the size and the weight of 
the apparatus. 

[0076] The individual components shown in outline or designated by 
blocks in the drawings are all well known in the magnetic guiding apparatus 
arts and their specific construction and operation are not critical to the 
operation or the best mode for carrying out the invention. 
[0077] While the present invention has been described with respect to 
what are presently considered to be the preferred embodiments, it is to be 
understood that the invention is not limited to the disclosed embodiments. To 
the contrary, the present invention is intended to cover various modifications 
and equivalent arrangements included within the spirit and scope of the 
appended claims. The scope of the following claims is to be accorded the 
broadest interpretation so as to encompass all such modifications and 
equivalent structures and functions. 



